Objective: This study aimed to evaluate the effects of moderate chronic kidney disease (CKD) and left atrial enlargement on the risks of thromboembolic events, and all-cause and cardiovascular mortalities in elderly patients with atrial fibrillation (AF). Methods: We retrospectively studied 751 patients (82.16% men, mean age: 79.0AE9.1 years) with AF who were followed up for an average of 34.5 months at a single center. Adjusted hazard ratios (HRs) of risk factors for adverse clinical events were calculated using the Cox proportional hazards model. Results: The risks of thromboembolic events, and all-cause and cardiovascular deaths were higher in patients with moderate CKD compared with patients with normal renal function after adjusting for other traditional risk factors (HR: 1.63, 95% confidence interval (CI): 1.03-2.58; HR: 1.55, 95% CI: 1.08-2.23; HR: 3.49, 95% CI: 1.57-7.74; respectively). Left atrial volume index >28.0 mL/m 2 was an independent risk factor associated with thromboembolic
Introduction
Atrial fibrillation (AF) is one of the most common types of sustained arrhythmia, and is strongly associated with an increased risk of thromboembolic events (TEs), including ischemic stroke. The prevalence of AF increases with age in line with a decline in the estimated glomerular filtration rate (eGFR). Chronic kidney disease (CKD) is defined by decreased kidney function measured by the glomerular filtration rate, and kidney damage characterized by albuminuria or proteinuria. CKD and AF are both major global health concerns that commonly coexist in elderly individuals. Some studies found that approximately 7%-18% of patients with CKD had AF, while 10%-33% of patients were found to have CKD when AF was diagnosed. 1 The occurrence of AF may promote the progression of CKD and increase the risk of developing end-stage renal disease. 2 Importantly, comorbid AF and CKD (eGFR <60 mL/min/1.73 m 2 ) have been shown to be related to adverse cardiovascular events and all-cause mortality. 3, 4 Some studies identified atrial fibrosis and atrial cardiopathy as fundamental characteristics of the structural pathology associated with cardioembolic complications, both of which were independent risk factors for stroke, especially in elderly patients with CKD, regardless of whether or not the arrhythmia was sustained. 5, 6 However, this speculation remains debatable.
In addition, AF often results from loss of atrial systole, dilatation of the left atrium, and increased atrial pressure load in the atrium in elderly patients. 7 Left atrial volume index (LAVI) has often been used as a more accurate marker than left atrial diameter for determining left atrial size. Increased LAVI has been regarded as a risk factor for the occurrence or recurrence of AF and is associated with thromboembolism, even in patients without AF. 8 However, the most common thromboembolic risk score is the CHA 2 DS 2 -VASc risk score (congestive heart failure, hypertension, age !75 years, diabetes mellitus, stroke, vascular disease, age 65-74 years, and sex category), which does not consider either CKD or LAVI as an independent risk factor for ischemic stroke in patients with AF. This study therefore investigated the roles of CKD and LAVI in predicting TEs and mortality in elderly patients with non-valvular AF who did not receive anticoagulation therapy.
Patients and methods

Study subjects
We retrospectively reviewed the data for 751 hospitalized elderly patients with non-valvular AF who did not receive anticoagulation therapy and who were admitted to the Chinese PLA General Hospital between July 2008 and June 2011. All patients had a permanent and personal registration number in the hospital, which allowed complete collection of information regarding their outpatient and inpatient attendance. The hospital's electronic medical database included information on all the patients' medical histories, therapeutic procedures, cardiovascular events, and laboratory and imaging data. Patients aged 65 years or older and those with established AF confirmed by electrocardiogram, continuous electrocardiographic monitoring, or 24-hour Holter monitoring were included, regardless of AF pattern (paroxysmal, persistent, or permanent). Patients were excluded if they were taking anticoagulants at the time of study initiation or were prescribed anticoagulants in the 3 months preceding the study, had valvular heart diseases such as critical aortic or mitral stenosis on echocardiography, received radiofrequency catheter ablation or left atrial appendage occlusion, had severe renal insufficiency (eGFR <30 mL/min/1.73 m 2 ), laboratory or clinical findings suggestive of infectious and inflammatory diseases, or acute myocardial infarction and confirmed stroke in the 3 months preceding the study.
The content of this study was approved by the medical ethics committee of the Chinese PLA General Hospital, in accordance with the relevant requirements for a clinical retrospective single-center study. Written informed consent was obtained from the patients or their carers for participation in this retrospective study. 
Clinical data collection and measurements
Assessment of clinical outcomes
Information on the endpoints was obtained from medical records and questionnaires answered by the patients themselves or their relatives. The main study outcomes were TEs (including ischemic stroke and thromboembolism), all-cause death, and cardiovascular death. Ischemic stroke was defined as sudden onset of neurological deficit lasting over 24 hours, confirmed by computed tomography or magnetic resonance imaging. Thromboembolism was defined as sudden occlusion of an artery to a visceral organ or extremity documented by imaging or pathology and not attributable to concomitant atherosclerosis or other etiologies. Cardiovascular death was death attributed to myocardial infarction, heart failure, sudden cardiac death, or stroke.
Statistical analysis
Continuous variables are shown as mean AE standard deviation. Univariate analysis was computed using analysis of variance for continuous variables and v 2 tests for categorical variables. The cumulative incidences of TEs and mortalities were plotted as Kaplan-Meier curves among the different groups, and differences were assessed using the log rank test. Adjusted hazard ratios (HRs) of risk factors for clinical adverse events were calculated using the Cox proportional hazards model. Adjusted HRs with 95% confidence intervals (CIs) were reported separately. A P value of <0.05 was considered statistically significant.
Results
Baseline characteristics of study participants
A total of 751 patients with AF (male, 82.16%; mean age at baseline, 78.95 AE 9.11 years) were followed up for an average of 34.5 months. This cohort included 673 patients (89.61%) at high risk of thromboembolism (CHA 2 DS 2 -VASc risk score !2) and who satisfied the guideline recommendations and did not receive oral anticoagulation therapy. The reasons for not administering anticoagulants in selected elderly patients included a high risk of bleeding, history of recent cerebral hemorrhage or major bleeding, rejection by patients, poor patient compliance, and inadequate recommendation of non-cardiovascular specialists for anticoagulant therapy.
The clinical characteristics of the study population in relation to the severity of CKD are shown in Table 1 . In this cohort, 334 (44.47%) patients met the eGFR criteria for mild CKD, and 140 (18.64%) patients met the eGFR criteria for moderate CKD. There were no significant differences in the duration of follow-up, sex, current smoking status, BMI, type of AF, hypertension, prior stroke, and prior TE between patients with normal renal function and those with moderate CKD (P>0.05). However, patients with moderate CKD were significantly older and had a significantly higher LVMI, LAVI, and CHA 2 DS 2 -VASc score (4.34 AE 1.46 and 3.36 AE 1.72, respectively) and significantly lower LVEF and hemoglobin than patients with normal renal function (P<0.05). Patients with AF and moderate CKD also had significantly higher frequencies of coronary heart disease, heart failure, chronic obstructive pulmonary disease (COPD), diabetes mellitus, peripheral arterial disease, and use of antiplatelet drugs than patients with AF and normal renal function (P<0.05).
Clinical events
Clinical outcomes and crude incidence rates of patients with AF according to the stage of CKD are listed in Table 2 . Over a total of 2156.9 person-years of follow-up (median: 35.5 months), 200 (26.63%) patients died, 54 (7.19%) experienced cardiovascular death, and 133 (17.71%) experienced TEs. The annual all-cause mortality in patients with AF and moderate CKD was approximately 15.57 per 100 person-years, which declined stepwise to 8.82 and 7.41 per 100 person-years in patients with normal renal function and patients with mild CKD, respectively. Moreover, the annual incidences of TEs and cardiovascular death were highest in patients with moderate CKD (10.01 and 5.84 per 100 patient-years, respectively), intermediate in patients with mild CKD (5.56 and 2.34 per 100 patient-years, respectively), and (Figure 1 and Figure 2 ).
Multivariate analysis
We further analyzed the risk factors associated with adverse events in univariate and multivariate analyses. HRs using normal renal function as the reference during the observation period are shown in Table 3 !75 years, current smoking, and prior stroke were independent risk factors for TEs after adjusting for other risk factors (P < 0.05). Moreover, age !75 years, heart failure, and prior stroke significantly increased the risk of all-cause death (all P < 0.05), and heart failure, prior stroke, and LVH increased the risk of cardiovascular death (all P < 0.05) ( Table 3) .
Discussion
We simultaneously investigated the impacts of renal insufficiency (eGFR !30 or ) and left atrial enlargement (LAVI >28 mL/m 2 ) on TEs, mortality, and cardiovascular death in a cohort of elderly patients with AF who did not receive anticoagulation therapy. Notably, we showed that both moderate CKD and LAVI were significant prognostic factors for TEs, all-cause death, and cardiovascular death.
A total of 44.47% patients with AF in the current study had mild CKD and 18.64% had moderate CKD, according to the current criteria. CKD was often combined and associated with AF in elderly patients. Recent studies have often, but not always, considered CKD as a wellestablished risk factor for stroke and thromboembolism in patients with AF. Nevertheless, conflicting results have been reported regarding the ability of CKD to improve the predictive value of TEs and mortality risk stratifications. The annual all-cause mortality and incidences of TEs and cardiovascular deaths in patients with AF and moderate CKD in the current study were comparable with findings from previous studies. 12 We also observed a higher mortality and higher incidence of TEs and cardiovascular death in patients with moderate CKD than in patients with normal renal function, which supported and extended the results of previous studies. 13 The occurrence of death was mostly related to cardiovascular causes. With regard to the prognostic significance of moderate CKD, several studies have shown that moderate CKD is associated with not only mortality, but also with TEs and cardiovascular death in patients with AF. 12, 14 For example, analysis of the RE-LY trial found that the incidences of stroke, thromboembolism, and mortality were all associated with decreased renal function. 15 A meta-analysis involving 538,479 patients with non-valvular AF found that impaired renal function (eGFR <60 mL/min/1.73 m 2 ) was an independent predictor of stroke and TEs and could slightly improve the stroke-risk stratification, such as the CHADS 2 score. 6 Furthermore, some studies found that the addition of renal impairment (eGFR <60 mL/min/1.73 m 2 ) to the CHADS 2 or CHA 2 DS 2 -VASc risk score had high discriminative performance for the prediction of TEs in patients after catheter ablation of AF, even in patients with AF and advanced renal failure (eGFR <30 mL/min/1.73 m 2 ). 16, 17 The mechanisms underlying the higher risks of TEs and mortality among patients with moderate CKD may be partly attributed to unmeasured comorbidities not accounted for in the CHA 2 DS 2 -VASc risk score. Patients with CKD are associated with a 'pro-thrombotic status', which indicates a higher presence of thrombotic cofactors such as endothelial dysfunction, subclinical inflammation, elevated levels of plasminogen activator inhibitor-1, and abnormal coagulation factor activities. CKD often causes various pathophysiological changes, including activation of the renin-angiotensin-aldosterone system (RAAS), oxidative and antioxidative imbalance, and excessive sympathetic nerve excitation, which can in turn accelerate the processes of atherosclerosis and atrial remodeling, and increase the risks of TEs and cardiovascular death. 18 Additionally, oxidative stress is involved in the pathogenesis of AF and could represent a link between CKD and AF. 19 The present study also found that left atrial enlargement (LAVI >28 mL/m 2 ) was an independent risk factor for TEs, all-cause death, and cardiovascular death. LAVI has been proven to be a more accurate measure of left atrial remodeling than left atrial diameter, and has often been used as a useful predictor of the incidence or recurrence of AF, including silent AF. 10 In the present study, patients with LAVI >28 mL/m 2 showed higher adjusted risks of all-cause death, TEs, and cardiovascular death. These results were partly in accordance with those of other studies in patients with AF. For example, Chung et al. 9 reported that an enlarged left atrium (LAVI >28 mL/m 2 ) predicted an increased risk of stroke recurrence in patients with non-sustained atrial tachycardia, while another study reported that increased LAVI was associated with poorer initial neurologic deficits in patients with stroke and nonvalvular AF. 20 Additionally, left atrium mechanics, including left atrial longitudinal strain, LAVI, and emptying fraction, were associated with the CHA 2 DS 2 -VASc risk score, suggesting that left atrial remodeling might represent a useful method for identifying patients at high risk of TEs and cardiovascular mortality. 21 In our current study, both moderate CKD and left atrial enlargement were independent risk factors for TEs, all-cause death, and cardiovascular death after adjusting for other traditional risk factors in the CHA 2 DS 2 -VASc risk score. Several potential mechanisms may contribute to the higher risks of recurrence of AF and TEs among patients with AF and left atrial enlargement. 22, 23 Left atrial enlargement may be associated with disorder or degradation of suture junction and structural proteins, decreased atrial conduction velocity, and increased atrial dispersion. This could promote the progression of atrial remodeling and interstitial fibrosis, leading to the development of AF. Increased LAVI may increase the atrial filling pressure and blood vortex in the atrium, leading to atrial thrombosis. In addition, CKD is associated with activation of the RAAS and excessive sympathetic excitation, which can further promote atrial remodeling in patients with AF. Some recent studies demonstrated that the autonomic nervous system might play an important role in determining heterogeneous electrophysiological changes in atrial cardiomyocytes, causing atrial fibrillation episodes. 24, 25 Furthermore, changes in autonomic activity might trigger different signaling pathways, including proinflammatory cytokines, epicardial adipose tissue, the RAAS, and oxidative stress, which could in turn determine atrial derangement and promote atrial cardiopathy. 24 These mechanisms could account for the significantly increased risks of mortality, cardiovascular death, and TEs in elderly patients with AF and renal insufficiency and/or left atrial enlargement.
The current study had several limitations. First, the observational retrospective nature of the study and the relatively small sample size from a single institution might have led to selection bias. Second, CKD is also associated with a higher risk of ventricular arrhythmia, which can also cause cardiovascular death, and this was not considered in our study. Third, we did not consider changes in eGFR during follow-up, and might therefore have misclassified the stages of CKD. Fourth, we did not use different cut-offs of LAVI for the different sexes, which might have resulted in sex bias. Finally, elderly patients with AF who were prescribed anticoagulants were excluded from the present study, which might have affected the applicability of the conclusions to the general Chinese population. The potential effects of including patients who received anticoagulants and/or had none of the CHA 2 DS 2 -VASc risk factors were unclear. In addition, the cut-off of LAVI did not vary according to sex, and the sex differences need to be confirmed in larger-scale studies.
Conclusion
The results of the current study demonstrate that both moderate CKD and left atrial enlargement predict TEs and all-cause and cardiovascular mortalities in elderly patients with AF who do not receive anticoagulation therapy.
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